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Abstract
The pressure evolution in the LEP vacuum system
during 1998 will be summarized as well as the main
failures encountered. More details will be given
concerning the evolution of the beam-gas lifetime, the gas
composition and the temperature of critical components
during 1998. Based on these considerations, an estimate of
the future current limit as a function of the beam energy
will be given.
1 INTRODUCTION
Following a difficult year in 1997, modifications were
introduced at various levels in the design, the control and
the operation of the LEP vacuum system in order to
improve its reliability. After reviewing these
modifications, the operation of the system during 1998
will be considered from the point of view of pressure,
temperature, gas composition and lifetime. These data,
combined with those concerning the evolution of the
pressure with the beam energy, may allow conclusions
being drawn concerning the expected performance at
higher energy during the 1999 running period. They will
be highlighted in the final paragraph, together with a
description of the on-going modifications to the LEP
vacuum.
2 MODIFICATIONS INTRODUCED
FOR THE 1998 RUNNING PERIOD
After the 1997 running period, when the down time due
to vacuum incidents was unusually high, several weak
spots were identified and actions were undertaken in order
to:
- Eliminate known weak points by removing obsolete
equipment (e.g. pretzel separators) and improving the
cooling at cross-section changes of the vacuum
chamber exposed to high heat load whenever possible.
- Improve our monitoring systems both for the
temperature and the pressure in order to obtain an early
detection of potentially critical points.
In addition, efforts were made to rejuvenate and reinforce
the team in charge of emergency interventions on the
LEP and SPS vacuum systems.
2.1  Component modifications
Most failures experienced in 1997 were due to the
overheating of cross-section changes. During the 1997-98
shutdown, these failures were modified or eliminated
where possible1. The main modification consisted in
eliminating all welds located at cross-section changes and
in cooling these regions uniformly. External absorbers
were also mounted to protect the flanges from the local
heating induced by the synchrotron radiation escaping
from the transition chambers.
2.2  The temperature and pressure logging
systems
As stated above, the heat load intercepted by the LEP
vacuum system has become critical in several places and
an extensive program of temperature monitoring and
logging has been launched. More than 500 thermocouples
were installed in LEP during the 1997-98 shutdown and
are now available on the LEP vacuum man-machine-
interface (the so-called “Russian view”). All of these
temperature measurements are also stored for one week
and can be retrieved for further studies. The temperature
profile along a LEP arc can also be displayed as well as
the temperatures exceeding a given threshold. These
temperature measurements were very helpful to find
optimum operation conditions to protect the vacuum
system, i.e. by adjusting a collimator position to reduce
the heat load on a ZL transition or by following another
transition temperature as the wigglers were powered at a
higher energy. The monitoring of pressures is also of
great importance for the survey of the LEP vacuum
system. A very helpful new program was introduced in
1998, which allows the study of the long-term evolution
of pressures in LEP over a period of several years. This is
especially useful for the detection of leaks which evolve
slowly and hence very difficult to detect on a day-to-day
survey
 2.3  S.O.S. VIDE
In order to be able to react efficiently in emergency
situations in the LEP and SPS vacuum systems, a new
system of stand-by was introduced within the LHC
Vacuum Group. Young technicians working mainly for
LHC also participate in this new system (common to
both machines LEP and SPS). This has two main
advantages: Firstly, the intervention team is rejuvenated
and this was mandatory to ensure the future interventions
(before, the average age exceeded 50). Secondly, these
young technicians acquire a direct experience of the
exploitation of large accelerator vacuum systems. This
team was called 10 times for intervention on LEP and 9
times for an intervention on the SPS outside working
hours.
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Figure 1: Leak on the window of the wire scanner
(H.C. 139)
3  INCIDENTS
During 1998, 6 leaks were detected on the LEP vacuum
system, causing 4 interruptions to the LEP operation.
Three affected  components like, for example, a viewport
(HC139, wire scanner, 13/6/98), a pick-up button (HC
842,16/6/98) and a coupler window (H.C.640, 14/09/98).
The viewport of the wire scanner was submitted to
investigations2 in order to determine the origin of the leak
and Figure 1 shows its location. This print (located on the
vacuum side of the viewport) is very similar to those left
on other viewports exposed to electron impact.
Three leaks were located on two transitions close to
ZL20 (H.C. 845/855, 13/06/98) and required the
replacement of a conflat gasket. These leaks were due to
the excessive heat deposited in the vertical plane by the
synchrotron radiation emitted by the superconducting
quadrupole and efficiently repaired by an appropriate
setting of the collimators during the energy ramp.
Two other leaks were detected by comparing the static
pressure before and after the 1998 running period and were
located at a gasket ( H.C. 268, AFK) and a pick-up button
(H.C. 458). They were sufficiently small to be hidden
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The temperatures of critical components were
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Figure 3: Temperature distribution along the straight
section in point 6
R.F. contacts used in the bellows to avoid cross-section
changes are delicate and can be damaged by short bunches.
Figure 2 shows the temperature variation measured close
to the rf contacts in presence of a 6 mA beam. The
temperature does not exceed 80 ºC and these contacts are
safe under the present operating conditions, provided that


















Figure 4: Temperature variation at the transitions
arc/straight sections
The temperature monitoring system permits the
display, as shown in Figure 3,of the temperature along
one straight section (here pt.6).
The highest temperature is measured at the transition
between elliptical and circular cross-section (40 ºC/mA
single beam) and is significantly higher on the "incoming
electron" side  (H.C. 661). his dissymmetry between
electrons and positrons is visible in almost all straight
sections.The heating of this transition is very sensitive to
the beam conditions.
Figure 4 shows as function of time, the evolution of the
temperature measured at the transitions between Arc and
straight section for all IP's. The transition 661 shows the
highest temperature (close to 110° C for a 4.7 mA beam).
At 10h11 on the 17/08/98 this temperature decreased
suddenly by 30° C and stabilised around 80 ° C. At this
time, a minor orbit change affected the orbits on the right
of IP6 (incoming electron side) and the control team
reported an RF shift. Although not fully understood, these
temperature changes (recorded several times) and the
asymmetry between electrons and positrons point to the
fact that the heating of vacuum components might be
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Figure 6: Temperature variation around IP1
Finally, it should also be noted that a significant level
of radioactivity has also been measured on these
transitions in the vertical plane.
Other places in LEP have also shown worrying
temperature increases. For example, on a transition in IP7
hit by the synchrotron light emitted by the wigglers
where a steep temperature rise was recorded during the
energy ramp (Figure 5) reaching a maximum close to
200° C.
The injection regions seem to be more critical and
especially H.C. 124 where the light radiated in the
injection dipole by the electrons illuminates a transition.
Figure 6 shows the temperature variation around IP1. In
these injection regions, the temperatures are again higher
on the parts irradiated by electrons than on the parts
irradiated by positrons. To summarize, the temperature
increases recorded this year, with the exception of the
injection region, do not show obvious weak points for the
operation at higher energy. The wiggler region in Point 7
has been improved and with the replacement of the
antenna cable in the modules, these devices will no longer















Figure 5: The temperature variation at a transition
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Figure 7.: Pressure variation (Torr) around even IP’s in
presence of a 4 mA beam as a function of the distance ( in
meter) to the IP.
5 THE PRESSURE MEASUREMENTS
The pressure in presence of a 4 mA beam is given for
the 4 even straight sections in Figure 7. For comparison,
the squares indicate the pressure measured with a beam of
equivalent intensity during the 1997 running period.
Pressures recorded during 1998 were consistently lower
than in 1997 especially in the region close to the IP (~80
m). In the straight sections with a circulating beam of 4
mA, the measured pressures were close to 10-9Torr.
 In the arcs, the dynamic pressure was measured and the
results are given in Figure 8 for 18 gauges.
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Figure 8: Dynamic pressure (Torr/mA) in the pilot sectors
as a function of time
The mean dynamic pressure in the arcs is 2.5x10-10
Torr/mA.  One gauge (triangles) gives the pressure in a
sector exposed to air during the 1997-98 shutdown. The
initial pressure increase at the start of the running period
was more than two orders of magnitude higher than that
for the gauges located in a sector not exposed to air. At
the end of the running period, the difference between these
gauges was a factor of 4, showing the very efficient
cleaning effect of the synchrotron light
. 6 THE MEASUREMENTS OF THE
GAS COMPOSITION
A calibrated residual gas analyzer has been installed in a
sector adjacent to an arc to monitor the gas composition
during the operation of LEP. This is displayed as a
function of the beam dose in figure 9.
The first spectrum taken at 45 GeV for a small dose
(~ 20 mAxh) shows an equivalent pressure increase for the
main gases H2, CH4, CO and CO2 close to 2x10-9
Torr/mA. The dynamic pressure decreases differently for
the various gases: CH4 cleans very fast followed by
CO2. After a dose of 180 mAxh H2 and CO are the most
abundant.
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Figure 9: Gas composition variation versus the beam dose
at the start of the running period (45 GeV)
On a longer dose scale, at 94.5 GeV (Figure 10), the gas
composition stabilises with a dynamic pressure increase
close to 2 x10-10 Torr/mA for CO and H2 , 4 x10-11
Torr/mA for CH4 and 2 x 10-11Torr/mA for CO2. The
effect of the conditioning is visible by comparing, for
example, the pressure increase for CH4 and CO2 before
and after the conditioning: CH4, not pumped by the getter
is unaffected but CO2  decreases by a factor 2. The same
observation is also valid for H2 and
CO.













Figure 10: Gas composition versus the beam dose at
94.5 GeV
7 BEAM - GAS LIFETIME

















Figure 11: Lifetime versus time during the 98 running
period
The lifetime of the electron and positron beams has
been obtained by measuring their intensity decay just
before the beams were brought into collision. The
following formula was used:
1 1 1
τ τ τb C V
≈ +
where :  t b is the measured beam lifetime
t c is the Compton lifetime.  (~50 hours)
t v is the beam - gas lifetime
The Compton lifetime has been calculated by
H. Burkhard3 and is much smaller (~50 hours) than the
beam - gas lifetime ( t v) (~600 hours). This, together with
the measurement uncertainties, leads to the important
scatter visible in Figure 11, which shows the evolution of
the product t v by the beam intensity
(I * t v). This product was 620 mAxh at 94.5 GeV. It was
systematically greater for the positrons than for the
electrons and decreased significantly when a stable
operation period was interrupted by a long period (days)
with different beam conditions (e.g. power cut, machine
development, etc..)
8 VARIATION OF THE PRESSURE
WITH THE BEAM ENERGY:
THE FUTURE
The variation of the dynamic pressure in the pilot arc
sectors has been studied as a function of the beam energy
during special energy ramps. The results of these
experiments have been averaged for each gauge and
normalised to 1 at 94.5 GeV. These results are plotted in
Figure 12 together with the variation of the emitted
synchrotron light power. A dotted line gives the average
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Figure 12: Normalized pressure increase as a function
of the beam energy
of the different pressure increases. This graph shows
clearly that for energies above 70 GeV, the pressure
increase closely follows the evolution of the synchrotron
light power. At lower energies, the 2 curves diverge and
the mean pressure increase stabilises below 45 GeV,
showing an enhanced efficiency of the photons for the
desorption in that energy range.
This behavior can be understood by comparing in
Figure 13 the increase of the power radiated by the beams
and the drastic decrease with the photon energy of the
photoelectric cross-section. Above 70 GeV, the
photoelectric absorption is negligible with respect to the
Compton absorption that varies slowly in the photon
energy range corresponding to beam energies up to
100 GeV. The consequence of this is that the absorbed
power leading to desorption follows directly the radiated
power (E4) .
Figure 12 shows the extrapolation of the pressure increase
to higher energies: at 100 GeV the expected pressure
increase will be in the arcs 1.25 greater than at 94.5 GeV
and the product I * t v will be close to 500 mAxh.
To be prepared for this 25% increase in absorbed power,
and to the increasing power radiated in the vertical plane
by the quadrupoles, new transition chambers have been
developed providing a better cooling, both in the
horizontal and the vertical plane. They will equip the
transitions between arcs and straight sections and the
separators close to the IP.
9 CONCLUSIONS
The modifications introduced during the 1997-1998
shutdown have significantly improved the reliability of
the LEP vacuum system. The percentage of the down
time linked to vacuum problems has decreased from 23%
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Figure 13: Photon spectrum and absorption coefficient
as a function of the photon energy
The new stand-by service, introducing young
technicians to emergency interventions on the SPS and
LEP vacuum systems worked efficiently for both
machines. Thanks to the new temperature and pressure
monitoring programs, it was possible to watch accurately
the evolution of pressure and temperature in critical points
and to give the necessary feedback to the operation team.
Some anomalies were detected in the temperature
distribution around LEP, e.g. the puzzling differences in
temperature increase observed between elements exposed
to the radiation of electrons and their symmetric elements
exposed to the radiation of positrons.
The observations made in 1998 allow a confident
approach to the LEP energy increase towards 100 GeV:
the vacuum lifetime should not be a problem and the
background should stay, after a period of initial cleaning,
at an acceptable level. Nevertheless, particular attention
must be paid to the injection regions where the
temperature increase might become critical at 100 GeV
and with high currents.
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